INTRODUCTION
The commonest complaints which affect the temporomandibular joint are those which are the result of trauma and muscular tension or trismus. In a previous paper (Hankey, 1954) I used the term "Arthrosis" as a convenient description of this group of disorders.
There seems to be a state of affairs which exists clinically before positive evidence of a degenerative or osteoarthritic condition of the joint can be substantiated and which, if treated from the correct aetiological basis, in the vast majority of cases can be cured. Bauer (1940) has described in detail the degenerative changes which take place in the temporomandibular joint, while Bennett (1948) and others have claimed that these changes in otherwise healthy joints can be seen as early as the second decade of life-from which it can be inferred that even normal functional stresses may lead to damage of the articular cartilage because of lack of blood vessels in this tissue which depends for its nutriment on the synovial fluid, and that some damage to the temporomandibular joint can occur in persons with normal musculature and occlusion.
In the case of the temporomandibular joint its movements, position and stresses are dependent not only on the musculature, but also on the relations of the upper and lower teeth through which the greater part of the load is normally transmitted from the mandible to the skull. It has been traditional to describe the mandible as a lever of the third classthe power between the fulcrum and the resistance-and according to a formula by Craddock (1951) the strain on the joint is at least doubled if the crushing force in the act of mastication is moved forward from the molars to the incisor teeth. Sicher (1947) and Robinson (1946) have shown that the type of tissue in the joint is not that which is usually associated with stress-bearing joints, while Wilson (1925) pointed out that the nutrient artery generally enters a bone in the area of least movement-indicating that in the case of the mandible the fulcrum is in the ramus near the lingula and not at the condyle. Robinson (1946) argues the theory of a non-lever action of the mandible, and the electromyographic analysis of the muscles of mastication by Moyers (1950) supports this theory. Moyers considers that the direction of the muscle pull, the sequence of contractions and the action of synergists all show that the resultant force is in the denture and that there can be no lever action when the resistance is directly in line with the resultant of the applied force. The teeth and their supporting structures bear the heavy stresses for which they are designed and the joint is normally free ofheavy strain. It follows that any deviation from the normal in occlusion or muscular physiology, which may upset the nice balance as between the two joints of the mandible and the skull, may have a damaging influence on the articular components. This has, in fact, been found to be the case and the success of conservative treatment has been achieved by restoring that equilibrium as nearly as possible.
A detailed description of the anatomy of the temporomandibular joint and of the muscles of mastication can be found in the publications of Sicher (1952) , Shapiro (1947) , Sarnat (1951) and others, but a few points of special interest may be helpful.
ANATOMICAL AND HISTOLOGICAL NoTmS
The temporomandibular joint is (Sicher, 1951) "the articulation between the mandible and the cranium. It is a highly-specialized joint and distinguished from most others by the fact that the articulating surfaces are not covered by hyaline cartilage but by an avascular fibrous tissue which only sometimes contains a few cartilage cells. The movements of the mandible are restricted because of its bilateral articulation with the cranium so that the right and left joints are coupled together. It is a complex joint because a disc or meniscus is interposed between the temporal bone and the manditular condyle, dividing the articular space into an upper and lower compartment; in the upper compartment gliding or translatory movements of the meniscus on the temporal bone take place, while in the lower compartment there is an eccentric hinge movement of the condylar head in relation to the meniscus. The temporomandibular joint can best be described as a hinge joint with a movable socket". The capsule between the margins of the articular surface of the temporal bone and the circumference of the disc is very loose to allow extensive gliding movement in the upper compartment of the joint. The capsular fibres below the disc are short and tight and are almost immediately inserted into the neck of the condyle, binding and closely conforming the disc to it-except in front where they are weak and loose so that a forward dislocation can easily occur. An injection into the upper joint space is thus very much easier to accomposh than into the lower. The posterior wall of the capsule is inseparably blended with the vascular posterior attachment of the disc and its fibres are only distinguished because they run directly downwards from the'temporal bone to the neck of the condyle behind. T7he lateral pterygoid muscle (Fig. 2 ) is inserted into the anterior wall of the capsule and anterior edge of the disc by some of the fibres of its upper head. The rest of the muscle is inserted directly into the anterior surface of the neck of the condyle below the' joint. The upper head is thus capable of exerting an antero-medial traction on the disc while the rest of the muscle pulls directly on the mandible; this arrangement serves as a balancing fixation for the disc and prevents it slipping backwards. when the jaws are closed forcibly on food between the teeth. According to Rees (1954) a few of the deep fibres of the masseter may blend with the antero-lateral aspect of the capsule 'and meniscus and thus' counteract the medial pull of the pterygoid. He also describes in detail a new conception of the relations of the condyle, disc and temporal bone in the act of normal opening of the mouth.
A photomicrograph ofa sagittal section ofthejoint of a child aged 3 years ( Fig. 3) shows the outlines of the joint cavities, the disc in between the condyle and the eminentia, the muscle fibres attached to the anterior ridge of the disc, the thin intermediate or central portion of the disc and the thick posterior ridge or dome of the disc fitting up into the glenoid fossa. 'The disc behind splits into two layers; a thick upper layer of loose vascular and elastic tissue attached to the posterior margin of the temporal bone and blending with the posterior capsular fibres, and a thin lower layer of dense collagenous fibres, similar to the main body of the disc, continued downwards behind and attached to the neck of the condyle. The articular surfaces of the condyle and eminentia are covered with a layer of fibrous tissue which is not continued up into the depth of the fossa, where the bone separating the joint from the brain is thin and not meant to resist pressure. The growth centre of the condylar head is a thin layer of hyaline cartilage between the fibrous covering and the bone; after normal cessation of growth this cartilage still persists, but in a gradually decreasing amount, and is of importance for the explanation of growth anomalies.
The meniscus itself is composed of interlacing bundles of thick collagen fibres which on the surface run parallel to it. The centre of the disc is bloodless, but the periphery has a good Pio. 3.-Photomicrograph of a sagittal section through the left temporomandibularjoint of a child aged 3years. Stained hematoxylin and eosin. x 4. a, upper joint cavity and glenoid fossa. b, cancellous bone of eminentia. c, posterior thick ridge of disc. d, loose vascular connective and elastic tissue attaching posterior ridge of disc to temporal bone and posterior wall of capsule. e, lower joint cavity. f, hyaline cartilage-the condylar growth ceptre. g, thin collagenous posterior downward prolongation of disc inserted into neck of condyle behind. h, fibrous tissue layel covering articular surfaces of eminentia and condyle. k, anterior ridge of disc. I, cancellous bone of condyle. m, fibres of lateral pterygoid muscle. blood supply especially from the posterior attachment. Le Gros Clark (1946) and Robinsor. (1946) believe that menisca are capable ol repair, but Sprinz (1954) considers this most unlikely in the case of the temporomandibular joint. It is probably true that the bloodless centre portion, if torn or perforated will not repair; but it seems likely that an injury or tear of the peripheral attachment can heal if rested, thus accounting for the many cases of temporary derangement which recover. Elastic fibres are present in considerable quantity in the loose upper layer of the posterior attachment of the disc and a few can also be found in the disc itself of a young person.
The nerve supply of the joint is through twigs from the auriculo-temporal branch of the third division of the V nerve which enter the capsule from behind; sometimes masseteric twigs also enter laterally. The auriculo-temporal nerve itself is well below the attachments of the capsule and cannot be compressed against the tympanic plate by a retruded condyle.
The blood supply is by small vessels from the superficial temporal or internal maxillary branches of the external carotid, mostly entering the capsule behind. A synovial membrane, as such, does not cover the articular surfaces, but in the loose fornices and peripheral boundaries of the joint cavities there is a cellular layer rich in cells and blood vessels and often thrown into folds or villi and it is from these cells that the synovial fluid is secreted and through which the avascular tissues of the joint receive their nutritiorn.
Backward pressure of the condyle on the posterior vascular attachment of the disc or fibrosis of the capsule will impair the vitality of the articulation and at the same time give rise to local or referred pain or reflex muscular spasm. According to Thonner (1952) such pressure can bear on a vessel, newly described by himself, from the internal maxillary artery to the cochlea and inner ear as it passes through the glaserian fissure and thereby account for the rare symptoms of deafness, tinnitus, or giddiness. Zimmerman (1951) has demonstrated that involvement of the chorda tympani, or erosion of the tympanic plate due to condylar pressure as claimed by Costen (1934) and Goodfriend (1947) (Hankey, 1954) .
SIGNS, SYMPTOMS, AND 2ETIOLOGY
Age and Sex Incidence Women were affected three times as often as men. 57% developed symptoms from adolescence to age 30, during the years when the permanent teeth are erupting or are in po3ition-on the other hand very few cases, only 4%, developed symptoms after age 50 when the edentulous state is more likely to have been reached-yet Costen's paper (1934) concerned edentulous patients almost exclusively. Time Before Seeking Treatment Most of the patients sought treatment within six months of the onset of symptoms, but only 6% within a few days, indicating that very few have severe initial symptoms.
Symptoms.-Unilateral or bilateral clicking in the joint without pain was the most frequent complaint, accounting for 30% of the cases, while 27 % had a click associated with pain. The remaining 43 % had never clicked and had a wide variety of other symptoms mostly confined to the immediate region of the joint. Pain, usually brought on by movement, mastication or opening wide, was in the joint, up the auriculo-temporal nerve or along the second or third divisions of the V nerve. The pain would be momentary, sharp and stabbing, or a steady dull kind of neuralgia or a gnawing soreness of the joint. Only very few, 9 in all, complained of deafness, tinnitus, lingual or other symptoms made so much of by Costen.
Besides pain, the main complaints were some kind of interference with free movement of the jaw-limited opening, occasional locking or recurrent subluxation. Stiffness of the jaw on waking in the morning was common. Headache, neckache or difficulty in swallowing were rare symptoms. 23 cases complained of V nerve neuralgia without any other symptoms and it is these cases which present the greatest difficulty in diagnosis and whose basicatiology may be overlooked. Mode ofOnset and Cause ofSymptoms 37 % of the cases started suddenly; the remainder had a gradual onset. Only 20% could be attributed to extrinsic injury; the remainder were due to intrinsic traumata.
Extrinsic traumata were more common in men and were direct or axial. A direct blow on the side of the face in the region of the joint or an axial blow on the chin, besides causing injury at the point of impact may result in synovitis, torn ligaments, or a fractured condyle.
If the teeth are apart at the moment of impact, the lateral pterygoid tenses to take the strain and the fibres of the upper head may dislodge the disc antero-medially in relation to the condyle or else may tear away from the disc so that the latter tends to drift distally in the joint. An anterior displacement of the disc will cause obstruction to forward gliding of-the condyle with limited opening; distal displacement will prevent full closure of the teeth on the same side.
The lateral wrenching employed in the extraction of lower molars may strain the joint ligaments, giving immediate pain in the conscious patient with subsequent symptoms of derangement which can be traced to this event. A true anterior dislocation of the condyle from any cause may rupture the capsular ligament at thesame time and cause an effusion into the joint.
Pain in and around the joint, probably accompanied by local swelling, tenderness and restriction of movement will be the immediate symptoms of all extrinsic traumata.
Intrinsic traumata are self-inflicted. Sometimes the onset of symptoms in the joint can be clearly connected by the patient with an incident such as yawning, laughing or eating. There is a sudden sharp pain in the joint as if something is nipped-maybe the disc caught momentarily out of place or a synovial fold drawn in and pinched, as in the knee-joint. The sharp pain may be followed by the feeling of something in the way preventing full movement and often self-manipulation restores normal function on the first few occasions, but the joint remains stiff and tender for some days indicating a synovitis. If the jaw can be rested at this stage repair can take place; this should be immediately followed by correction of any occlusal deformity. If neglected, repeated intrinsic traumata set up degenerative changes in the joint with stretching of the capsule, clicking, and loosening of the conformity of the disc to the condyle.
In others, for a varying length of time, there will have been a regular or intermittent click on movement, with or without pain, but unconnected in the first place with a special incident until one day the click suddenly stops. It is then found that the mouth can only be partly opened-usually described by the patient as "dislocated" or "out" and that the joint is extremely painful on trying to force it wider; there may, in addition, be considerable muscle spasm which in itself is painful. The inability to open indicates that a misplaced disc is obstructing forward movement of the condyle. The good joint then over-extends to compensate for the fixed side which may gradually become painless although still fixed; later still pain commences in the over-mobile joint due to capsular stretching, subluxation and muscular imbalance. If the patient is first seen at this stage it may be difficult to decide which joint is the real culprit.
Sometimes symptoms commence after relaxation of the jaw in sleep or through lying with the head turned at an acute angle. Prolonged mouth-opening for conservative dental treatment is very tiring and causes muscular cramp. Anything which upsets the delicate muscle balance between the two joints may initiate symptoms; trismus, either reflex or 986 38 mechanical, is a common cause and the underlying factor in 20 cases was an erupting or impacted third molar or carious tooth. A pericoronitis or painful tooth necessitates an eccentric bite of accommodation in order to avoid the tender spot and the eccentric bite in turn forces an asymmetrical placing of the condyles in their fosse, with unnatural strains on the components of the joints.
But the cunulative effect of altered stresses and strains imposed by malocclusion, loss of vertical dimension or loss ofmolar support is the mostfrequent atiologicalfactor which initiates degenerative changes in the joint. How do these occlusal deformities affect the function of the joints? The Etiology ofInjury due to Malocclusion
The primary function of the mandible is mastication and, in the act of mastication or crushing of the food, as has already been emphasized, the main weight or force is transmitted through the teeth to the maxilla and cranium and only in part to the joints-that is if there is a full-dentition in normal occlusion.
The normal symmetrically developed mandible, complete with its dentition and musculature, starts all movements of mastication and speech from a position of rest which is constant for any one person, but may alter in the presence of tension or disease.
The rest position is fixed by the tonus of the elevator and depressor groups of muscles which, when relaxed, allow the mandible to drop slightly. The teeth are then slightly apart and the space between them, which does not normally measure more than 4 mm., is termed the Free-way space; if it measures 5 or more millimetres the free-way space is said to be increased and there is probable overclosure of the bite.
In the position of rest the mandible, as judged by the point of the chin, is balanced centrically in mid-line. If lateral oblique radiographs are now taken of the temporomandibular joints both condyles appear symmetrically poised half-way up the posterior slopes of the eminentie, with more joint space above and behind than above and in front ( Fig. 4 the rest position to normal functional occlusion of the teeth the mandible should close centrically by a hinge movement in the lower compartments of the joints without any deviation or gliding, so that all the teeth meet with equal pressure at one and the same time, and, by interlocking of the cusps, prevent further upward and backward movement of the condyles (Thompson, 1949) ; yet although locked against further backward displacement, the cusps should be capable offree lateral grinding movements while still remaining in contact. The ability to chew as well as to bite is of great importance and it will be found on trial that many occlusions are locked against lateral grinding. Rectification of this fault alone will ease the strain on many joints.
The teeth of the two jaws can be compared with the teeth of two cogs which are designed to interdigitate exactly: any maladjustment of apposition and the two cogs will wear away where they first hit, or will jam, or will glide into full contact only if the axis of one is adjust-able in relation to the other. If radiographs of the joints are repeated with the teeth in normal centric occlusion and compared with those of the mandible at rest, there should be very little difference; the condyles may have travelled upwards slightly, but they should still be symmetrically placed and the joint spaces should still be greater above and behind than above and in front (Lindblom, 1953) . Any disparity suggests that the cogs or teeth are meeting out of true and that the adjustment has had to be taken up in the joints, imposing an unusual strain upon them and liable to produce pain.
If certain cusps meet prematurely ( mandible into a lateral deviation or eccentric occlusion; the whole jaw will then be rotated horizontally and radiographs of the joints will show asymmetrically placed condyles-one more deeply placed and retruded in its fossa than the other, which will be normally placed or slightly advanced. Bilateral backward displacement of the mandible and condyles will ensue if there is initial contact of the lower incisors with the palatal surfaces of the uppersas in Angle's Class II Division II type of occlusion (Fig. 6 ). In radiographs of such a case both condyles will be retruded in their fossa as compared with the rest position. The condyles will be similarly displaced if there is overclosure of the bite with loss of vertical dimension; this ensues if molar teeth have been extracted and there is lack of molar support, or if the molar occlusion has drifted and collapsed following the extraction of a tooth here and there, or if there has been marked attrition of the occlusal surfaces of the teeth from wear and tear, or if tissue-borne artificial dentures have sunk following the absorption of the alveolus beneath them.
Bruxism or habitual clenching and grinding of the teeth is often a sign of an emotional disturbance or anxiety. Due to an hypertonic state of the elevator muscles the teeth are worn away and overclosure of the bite ensues; but more important, as reported by Copland (1954) , the rest position is almost permanently abolished so that the joints and muscles are always under tension and become painful for this reason alone.
The Production of the Click In overclosure, lateral deviation, or backward displacement of the mandible, the condyle travels farther up and back in the fossa than at rest (Fig. 7) . By assuming that the disc is held at the position of rest by the upper head of the lateral pterygoid muscle, it is reasoned that every time the teeth meet in an abnormal occlusion of this type the condyle tends to slip posterior to the disc and the disc becomes progressively looser in its attachment to the head. A click is heard at the commencement of opening as the head slips over the thick posterior ridge of the disc and re-engages with it and often a second click is heard towards the end of wide opening as the head slips beyond the anterior ridge of the disc on to the anterior slope of the eminentia, the disc itself being prevented from travelling farther forward by the limited stretch of its temporal attachment behind. Sooner or later re-engagement fails, the disc remains anterior (or posterior) to the head and locking and pain ensue.
As a diagnostic point if there is clicking of the joint and overclosure is suspected, ask the patient, after clicking, to close on the thin handle or blade of a knife placed between the back molars. This will prevent the overclosure and on opening from this new starting point the click may be abolished. In such cases the prognosis of a cure by a bite-opening splint or prosthesis is almost assured. Pain of Obscure Origin. Costen's Syndrome There remains the group of patients who complain only of pain or other sensory changes. The ctiology and differential diagnosis of facial pain were recently reviewed by Stones (1956) . Among the large number of possibilities, pain originating from changes in the mechanism of the temporomandibular joint or from imbalance of the muscles of mastication as the result of occlusal deformities or reflex trismus should always be considered. The syndrome ofsymptoms described by Costen (1934 Costen ( , 1936 Costen ( , 1944 is: Neuralgia of the second or third divisions of the V nerve. Pain in and around the ears.
Stuffy sensation in the ears. Pain up the back of the head and down the side of the neck. Headaches. Sinus pains. Impaired hearing. Tinnitus. Altered sensation in the tongue and throat.
Costen accounted for these symptoms by the pressure of the retruded condyles in overclosure of the bite upon the chorda tympani, upon the eustachian tube, or upon the auriculo-temporal nerve, or by erosion of the tympanic plate or of the roof of the glenoid fossa. None of these postulates has been proved, although the symptoms can be real enough. The more likely explanation is that the pain or other sensory change is reflex or referred from the joint due to the pressure of the retruded condyle upon the nerves or vascular tissues in the posterior part of the fossa and to the subsequent degenerative changes taking place. Suffice it to say that the vast majority of cases will be cured or relieved by restoring the faulty occlusion to normal, thereby preventing condylar retrusion. In my analysis, the first two symptoms were fairly common, but the remainder were rare, especially deafness, and tinnitus. Harvey (1948) in his observations on otitic barotrauma in airmen, found no relation between overclosure and pressure on the eustachian tubes; and Ireland (1951) states that in his series the only cases with auditory symptoms were undoubted examples of otosclerosis. Campbell (1955) , after the exclusion of all other causes, considers that mandibular displacement as the result of malocclusion can be the cause of obscure facial pain, but that the pain is also dependent upon the muscular tonus, the threshold of the individual to pain and upon psychological factors. INVESTIGATIONS The two most important investigations-bite analysis and joint radiography-are both open to misinterpretation owing to variable techniques. Analysis of the bite on the dentatus articulator calls for great accuracy, but the technique as described in detail and with diagrams by Trott and Wade (1955) should help to standardize this part of the work. A large number of X-ray films taken of the temporomandibular joint are often misleading; the anatomical and technical difficulties and means of surmounting them are clearly set forth by Craddock (1953) . The trans-cranial lateral oblique view will suffice for most purposes; very rarely will an arthritis or gross pathology be disclosed; the purpose rather is to verify asymmetrical placing or abnormal movement of the condyles. If a planograph is thought necessary, the technique described by White et al. (1952) should be tried.
In all cases, where the radiograph is to be taken by a third party, if the rest position of the mandible is required it should be registered beforehand in a composition squash bite which can be placed between the teeth by the patient at the right moment. Lastly, the work of Norgaard (1947) should be consulted for the technique of injecting the joint for any purpose.
T'REATMENT The treatment can now be outlined according to the aetiology of the complaint; it can be divided into prophylaxis, acute and chronic cases.
Prophylaxis.-A normal and well-developed dentition, kept in good order, will prevent the development of most cases of temporomandibular arthrosis due to intrinsic traumata. A much more comprehensive service for the treatment and conservation of children's teeth and for the orthodontic correction of occlusal deformities and immature muscle patterns or habits is needed. If a permanent or deciduous tooth does have to be extracted for other than orthodontic reasons, it should be replaced as soon as possible by a prosthesis or fixed bridge to prevent movement and tilting of the teeth either side of the gap and to prevent over-eruption of the unopposed tooth in the opposite jaw. In the adult, besides conserving the teeth and supporting tissues in good order, the functional occlusion should be kept centric and at the correct level by preventing loss of vertical height from any cause. If several teeth have to be extracted and a space is deemed too wide for a satisfactory bridge, then partial dentures should always be tooth-borne to prevent sinking and parodontal complications. In early cases of bruxism or habitual grinding of the teeth, the occlusal surfaces may have to be protected by inlays and an acrylic overlaid prosthesis worn at night to prevent further loss of vertical height. Patients with full artificial dentures should have them checked at regular intervals-even though comfortable-and kept at the correct occlusal height by relining them in order to counteract the inevitable sinking and loss of vertical diInension due to alveolar resorption.
Acute cases. (a) Extrinsic causes (12 cases).-These should be treated in the first instance according to first surgical principles. The part should be rested and, if possible, immobilized by intermaxillary wiring after reduction of any fracture or dislocation. When the signs of effusion and inflammation have resolved, movement and function must be gradually restored aided by physiotherapy and sometimes by a training flange if there is muscular resistance to centric opening. Later, the occlusion should be checked and restored if considered necessary.
(b) Intrinsic causes (43 cases).-Here, as previously explained, the cause is different. Owing to repeated traumata and unusual strain on the joint brought on bsome form of malocclusion or muscular imbalance, the components are already lax and subject to further injury. Some trauma, of no account in the normal, causes acute pain, effusion and trismus. The part must obviously be rested in the same way as for an extrinsic injury, but if radiographs of the joint show a much retruded condyle the backward displacement must first be reduced andpreventedfrom relapsing by opening the bite with some form of splint. The muscular spasm may be so severe that it is impossible to take satisfactory impressions without an anmsthetic; this difficulty must somehow be overcome because rest with the condyle still retruded will do little good. Immobilization, wearing a bite-opening splint, will have the quickest and most satisfactory result. Local injections of Xylocaine may help to relieve the pain. Later, when the spasm has relaxed, a full analysis of the bite must be made and the occlusion restored to normal.
If seen soon after the event, a misplaced disc can sometimes be reduced by manipulation under an aneesthetic; afterwards the mandible should be rested as just described. Sometimes, however, even after rest, the disc is so badly damaged or displaced that it is impossible to restore function without surgical intervention.
Chronic cases (17 extrinsic, 78 intrinsic causes).-(a) Reflex trismus and nmuscle imbalance causing a temporary derangement of the joint can often be traced to the pain or irritation of an erupting, carious or impacted tooth; removal of the cause may effect a speedy cure.
In others the occlusion is such that orthodontic treatment is desirable; but in the effort to achieve a more regular arrangement of the teeth and an improved occlusion, the effect on the positions of the condyles in their fosse should be checked. If the condyles are forced into a retruded position, ultimate derangement of the joint may ensue.
(b) In overclosure and many Angle's Class II cases there is an initial incisor contact because of lack of vertical growth of the alveolus supporting the molar teeth, so that the free-way space is increased and the mandible gradually forced backwards in full occlusion. In the majority of these cases probably no symptoms will develop; but if the molar height can be raised to the level of the initial incisor contact the condylar displacement will be prevented and the strain on the joints relieved. Staz (1951) claims to achieve this result by fitting an upper anterior bite block leaving the molars uncovered in the hope that they will erupt further and diminish the excessive free-way space; the block can then be discarded. This method is more likely to succeed in children during the active period of growth. In the adult the same effect is achieved by bringing the molar contact up to the level of the incisor contact by means of a prosthesis or splint which covers the occlusal surfaces of either the upper or lower molar teeth or, in extreme cases, of both. The splint in the first place should always be made in acrylic (Fig. 8 ) for ease of adjustment; using the same or duplicate models on the Dentatus with the same measurements, the occlusion corrected by this first splint can later be accurately reproduced and maintained by a permanent and much less bulky metal prosthesis in gold ( Fig. 9 ) or in chrome-cobalt ( Fig. 10) . In cases of overclosure durto loss of molar teeth or due to attrition the same procedure is adopted. In edentulous cases, already wearing full dentures, the excessive free-way space is first reduced by overlaying one or other denture with acrylic to the correct height and bite and worn until comfortable. Later the denture is remade to the new occlusion.
(c) In premature contact one or several cusps are meeting before the mandible has closed through the normal range from rest to occlusion. Careful study of models set up on the Dentatus articulator will disclose the points of interference which swing the mandible off centric occlusion and result in condylar displacement. Selective grinding of these points in the mouth will often be sufficient to restore centric occlusion and effect a cure of the arthrosis. Sometimes it will be necessary to remove the premature contact by extraction of the tooth or by replacing it with an artificial crown in correct occlusion. In others it may be possible to move the tooth by orthodontic measures.
(d) In all cases ofmaloccluision the aim is to restore the occlusion to the normal centric level and to maintain it in equilibrium so that the teeth can grind freely in all directions without locking, bumping or unequal strains. The condyles, which on X-ray were formerly retruded or asymmetrical in their fossae in occlusion, should be re-positioned as near as possible to their normal resting positions when the teeth close naturally or on an appliance. When making the appliance the condylar position must be checked by a further X-ray (Fig. 11) . The whole purpose of the treatment is to prevent the condyles from being forced backwards and to keep them balanced and symmetrically placed in their ]ossa. Unless this is achieved the treatment will probably fail. But the appliance should never occupy the whole free-way space.
(e) Trainingflanges attached to cap splints had to be constructed in 6 cases to rehabilitate muscles which for a considerable period had become accustomed to a marked deviation to one side and were not accommodating themselves to centric opening by other means. Sometimes deliberate muscle exercises will achieve the same result without a training flange.
(f) Injections into the joint of various substances have been tried for mild degrees of osteoarthritis or when pain or obstruction to movement is not being improved by bite rehabilitation. Accordingto Rossingand Lutterbeck (1954) bite-opening appliance. The condylar position is corrected to that of R. may facilitate the passage of fluids to and from a joint and thereby improve its nourishment.
Hydrocortisone can be tried in the same way and sometimes gives relief. Occlusal deformities should still be corrected. For loose, recurrently subluxating joints various irritating substances, such as iodine, Lipiodol, or sodium psylliate (Archer, 1956) have been tried in order to set up irritation with resultant fibrous contraction of the capsule.
(g) Surgery is required in a decreasing percentage of cases. In this series, 20 cases had meniscectomy performed and 1 condylectomy. Some cases respond unfavourably to conservative treatment, namely those which are already almost completely jammed owing to meniscal damage. They continue to suffer severe local pain in spite of other treatment. Particularly is this so if the lateral pterygoid has torn away from the disc and the latter has drifted towards the back of the joint, preventing closure of the teeth. Meniscectomy will usually give immediate relief-but this does not absolve the surgeon from having the occlusion checked afterwards. For loose, recurrently subluxating joints some surgeons expose the capsule and plicate it or strengthen it laterally by turning down a strip of temporal fascia. Others insert a piece of bone in the anterior part of the joint to limit forward movementthe mere opening of the capsule will probably have the same result.
(h) Physiotherapy, in the form of heat and muscle rehabilitation, is of great assistance in many cases. Besides its local effect, the patient, who in many instances is of an anxious disposition, feels that something active is being done and therefore gains confidence; the threshold for pain is correspondingly raised.
....]
A few patients, with nothing but an occasional click, aggravate the condition by spontaneously repeating it; others wake up in the morning with a stiff jaw through lying with the head at an acute angle. One, a singer, subluxated his jaw repeatedly by opening his mouth too wide in order to gain a high note. Such patients, by self-restraint and change of habits, can cure their joint troubles themselves after advice. Results (First 150 Cases)
When compiling the results of treatment of the first 150 cases, the percentages of successes were taken from the 125 completed cases; the remainder were still under treatment. 72 % were cured, 20% were much better, and 8 % were failures. 20 cases or 16 % underwent surgery of the joint. Table I -Results (Second 262 Cases) Table I shows the results of treatment of my next series of 262 cases, which have not yet been otherwise analysed. Of the 190 completed cases, 170 (89%) were cured, 15 were improved and 5 (2 6 %) were no better. By comparison with the first 150 cases, it will be seen that the percentage of cures in the second series is 16 % higher, and that only 6 cases (3 %) required surgical treatment.
A film was then shown of the histories, models, radiographs, jaw movements and conservative treatment of 5 representative cases (see Hankey, 1954) . SUMMARY (1) Certain details of the anatomy and histology of the temporomandibular joint are given.
(2) The atiology, signs and symptoms of temporomandibular arthrosis are described, with references to a previous analysis of 150 cases (Hankey, 1954) .
(3) The results of treatment of 150 cases previous to, and 262 cases since, April 1953, are analysed.
It is clear that conservative treatment is successful in an average of 80 % of cases. In the first series 16 % were treated surgically, in the second series only 3 %.
(4) The great majority of cases complained of some form of interference with the function of the joint, with or without pain. Only 16 66 % of the first series of 150 cases complained of pain without reference to the joint; the syndrome described by Costen is discussed.
(5) Malocclusion in one form or another, with resultant condylar displacement, is the main factor in the causation of temporomandibular dysfunction.
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Professor C. F. Ballard (Orthodontic Department, Institute of Dental Surgery, London University): An orthodontist is only concerned with those cases of temporomandibular joint dysfunction which are associated with mandibular displacement. It is likely that many cases have in the past been treated surgically and even as a last resort referred to a psychiatrist, because the displacement has not been detected. Only in recent years has the importance of displacement been appreciated.
In recent years it has become obvious from clinical experience that the mandible cannot be made to grow nor can its growth be controlled in order to improve its relationship to the maxilla. It has also become evident from clinical experience that the position of the alveolar structures, whether normal or abnormal, is the result of the morphology and behaviour of the lips, cheeks and tongue and the behaviour cannot be changed except in limited ways.
Efforts to change the posture and behaviour of the lips and tongue and to reposture the mandible have gone through the same phases as have similar efforts in the field of physical medicine. Thirty years and more ago, postural exercises were in vogue to improve tone in the facial muscles and in the case of the mandible improve the tone of the muscles which protrude the mandible in mandibular retrusion and vice versa in mandibular protrusion. This approach produced no results. The next phase was an attempt to re-educate: by conscious appreciation of the new posture required, and by reflex re-education. This approach has also failed, for obvious reasons.
These facts led to a fuller investigation firstly on the clinical side, into mandibular posture and movement and secondly into the biological background of posture and behaviour.
As a result, the author put forward the following hypotheses on oro-facial behaviour.
(1) That the posture of the mandible is endogenously determined and is not simply the result of the reciprocal postural tonus of depressors and elevators.
(2) That the occlusal level is reflexly established: the proprioceptive nerve endings in the supporting structures of the teeth reflexly limiting the activity of the muscles of closure.
(3) Masticatory patterns of activity [basic co-ordinating patterns (Weiss, 1941) ] are endogenous in origin at levels well below the conscious level in the central nervous system.
(4) The teeth in the dental arches are in a state of equilibrium between the posture and behaviour of the lips and cheeks facially and the posture and behaviour of the tongue. This position must be such that when the mandible moves on a normal path of closure, the dentition occludes uniformly without surfaces meeting in such a way that abnormal stress is thrown on the supporting structures. If there is a malocclusion which results in abnormal stresses being thrown on to the supporting structures, then either: (a) The supporting structures of the teeth are traumatized; the teeth are clinically loose and are likely to be lost prematurely. This is seen all too frequently in the periodontal field of dentistry. (b) The abnormal contacts produce reflex modifications of the patterns of activity, so avoiding trauma.
Alveolar bone is very sensitive to pressure and only a few grams are necessary to stimulate absorption and deposition, so that the bone and teeth move to a new position of equilibrium.
As a result of these concepts, the author suggests that it is likely that a high percentage of the cases referred to as derangements of the T.M. joint are, in fact, reflex disturbances of the basic co-ordinating patterns of mandibular movement. It is the purpose of this short paper to review briefly the evidence to support this view.
It should be explained at this stage that an orthodontist sees a large number of cases with a displacing activity which do not present any symptoms, but with regard to all displacing activities, there are certain features which can be found on careful clinical analysis to support the concept (Grewcock and Ballard, 1954) . They are:
(1) That the abnormal occlusal contact which produces the displacing activity can only be found when the mandible is moving slowly from the true endogenous postural position into occlusion. When the abnormal contact is made, the mandible apparently slides on it into the displaced position.
(2) In normal masticatory activity these contacts are avoided and the mandible goes into the displaced position of occlusion.
(3) If one removes, perhaps by grinding, such abnormal contacts, the individual rapidly reverts, within a matter of a few hours usually, to a normal and symmetrical closing activity.
It is suggested that the avoiding action was reflexly established and reflexly maintained by the abnormal contacts being made during idle mouth movements. It is a habit pattern of activity. Another finding is that in many of these displacing activities, the occlusal level does not bear its usual relationship to the rest position but is an overclosed position. It has been suggested (Grewcock and Ballard, 1954 Ballard, , 1956 ) that this is the result of the reflexlydisturbed patterns of activity of closure. The activity necessary to produce the displacement continues after there should have been a reflex relaxation at the normal occlusal level.
Further support comes from the electromyographic analysis of normal and abnormal cases which is being carried out by many workers. The general impression is that in normal closure there is a symmetrical and smooth activity of the masseter and temporalis muscles, these being the most readily investigated by surface electrodes, and there are also smooth patterns of action in masticatory movements.
When cases with a displacing activity are investigated, these smooth patterns of action are usually interrupted by momentary relaxations followed by peaks of increased activity. As far as is known, no work has been published on electromyographic analysis of treated cases but, as has been said already, clinically the individual reverts within a very short time to what can be regarded as normal patterns of activity when the cause of the afferent stimuli maintaining the habit patterns is removed.
Another important fact is that a high percentage of "cures" is obtained by treatment which either removes the cause of the displacement or prevents the contact of the tooth surfaces producing it. The cures are sometimes startling-a patient may have unbearable pain and yet be completely free in twenty-four hours after the insertion of a simple plate which prevents the abnormal contacts being made.
It is an interesting fact that the displacement may not be more than a 1-2 mm. shift laterally, distally or forward as viewed from the incisor teeth and yet produce extreme pain. As is now generally recognized, it is rare to find any pathology in the joint in these cases; indeed if there were it is unlikely that dramatic cures would occur so rapidly.
Many authors investigating T.M. joint dysfunction have reported finding tenderness' in muscles. Schwartz (1955) said "T.M.J. pain may often be due to painful self-perpetuating spasms in muscles".
In a previous paper (Ballard, 1955) , the author reviewed the biological background to complex co-ordinated muscle activity and demonstrated that it supported the view that motor activity is based on endogenously determined basic co-ordinating patterns.
In brief, there is the work of Weiss (1941, 1950) , firstly on amphibia, as the result of 47 995 which he formulated the concept of myotypic responses and put forward his concept of thehierarchical organization of behaviour. Both he and Tinbergen (1951) have pointed out that in higher animals there is some evidence that this concept also applies, because they are not able to adapt themselves to nerve and tendon transplants. Further, Hess (1954) has stimulated the diencephalon of intact cats and has produced complex patterns of behaviour at the highest instinctive levels in animals. In man the results of the transposed tendons in poliomyelitis victims show that re-co-ordination is only produced after prolonged training and much conscious effort and that there are frequently temporary relapses in fatigue, indicating that the basic co-ordinating patterns are still there at their much lower level in the brain, but are being controlled at a higher level. It is the author's contention that both the clinical evidence and the biological background suggest that a high percentage of the cases of temporomandibular joint affections are, on the physical side, either directly or indirectly the result of a reflex disturbance of the endogenous co-ordinating patterns of mandibular movement; indirectly in many cases where sudden trauma, superimposed on a disturbed pattern of activity, is the precipitating factor.
Orthodontistssee a large number of cases with the reflex-displacing activity not associated with T.M.J. symptoms. Mr. Hankey has said there appears to be in many cases a psychological element. It may be that a hyperactive central nervous system becomes more readily aware of muscular imbalance but it is important not to overlook the somatic aspect of a psychosomatic disorder. Again as Mr. Hankey has said, some cases present with sudden onset. Trauma of a comparatively slight nature to an already disorganized pattern of activity might be a precipitating cause.
Clicking in the joint may be due to the lateral pterygoid taking most of the strain in such cases, with some resulting disorganization of the movement of the condyle and the interarticular disc.
So far, disturbances of activity and not disturbances of the postural position have been discussed. Disturbances of the postural position of the mandible are well recognized. They are produced mainly as the result of the necessity to produce an anterior oral seal across an incisor tooth relationship which is not normal. An individual may posture the mandible forward in order to enable him to bring the lips together; this habitual forward posturing may be maintained for many years, perhaps for the life of the individual, in some cases. Alternatively, an individual may not only posture the mandible forward but may drop it a little in order to assist the production of an anterior oral seal by the protrusion of the tongue against the lower lip. Again this may persist as a habit pattern of activity, maintained for many years.
As far as our clinical observations go, it would appear that during masticatory activity these individuals revert to their endogenous postural position as an initial movement. There is already some electromyographic evidence to support this clinical observation.
What may be important, however, is that, so far, there is no evidence to suggest that these habitual postures produce any symptoms in the musculature. Neither do they result in any disturbance in the temporomandibular joint, in spite of the fact that it is not in its normal postural position for most of the time.
The impression has been gained that undue prominence has been given in the past to variations in posture which are probably the result of inherited factors. If all the evidence here has been correctly interpreted, it would appear that pain in muscles referred to the joint might be the result of a reflex disturbance of the basic co-ordinating patterns of activity. The necessity for this reflex disturbance may, of course, be the result of inherited abnormalities, pathological conditions or trauma. it is the most commonly affected one, and in one series it was affected in 20 % of cases.
Hydrocortisone has been effective in relieving severe symptoms in a few cases.
(3) Ankylosing spondylitis may affect the joint and may produce such great limitation of jaw movement that surgical intervention is necessary to allow feeding. Other forms of infective arthritis do occur and particularly gonococcal arthritis has been said to affect the joint. However, King and others (1946) found only one case among 178 patients with arthritis due to the gonococcus or non-specific urethritis.
(4) Trauma to the joint may, of course, produce fractures, dislocations, tears of the capsule and lesions of the cartilage. The importance of minor trauma in producing chronic joint symptoms due to osteoarthritis, or in other ways, will be discussed later.
(5) Osteoarthritis does certainly affect the joint, whether the result of trauma or other factors. Bauer (1941) , examining the joint pathologically in various age groups, reported cracks in the cartilage, increased density of subchondral bone and exostoses. He found these changes more commonly in edentulous elderly patients and following trauma. McLaren (1944) reported a case with cyst formation and bone degeneration following trauma. Doub and Henney (1953) have described the radiological appearance of such joints. In the early stages they describe (1) Hazing or clouding of the joint space with indistinctness of outline.
(2) Slight narrowing of the joint space and retro-position of the condyle in the closed position, and (3) In the open position the condyle may be restricted in its anterior excursion, or it may have a wider excursion than normal, the result of laxity of the ligaments. The retro-position of the condyle they attribute to early absorption of the cartilage, but it might well be due to displacement of the disc forwards. It is clear that they are describing the condition of T.M. joint dysfunction, and they hold the debatable view that this condition is a type of degenerative arthritis. In the fully developed osteoarthritis there is loss of joint space, hypertrophic changes around the margins, flattening and irregularity of the joint surfaces with increased density of subchondral bone. Loose bodies may be present.
If one of these types of arthritis can be ruled out, it must not be forgotten that conditions affecting the structures near the joint may cause pain and dysfunction without involving the joint directly; any condition, neoplastic or infective of the middle ear, eustachian tube, parotid gland or other soft tissues may have this effect. Two somewhat unusual conditions were: (1) A case of scleroderma with great limitation of jaw movement due to the thickened tissue round the joint, and (2) A case of temporal arteritis where the presenting symptoms were pain and stiffness in the joint.
When all these conditions have been excluded there remains a large group of cases which do not fit readily into the foregoing categories and these have been called temporomandibular arthrosis or dysfunction. The condition is commonest among young women, and the onset often follows trauma-sometimes due to dental treatment-or there may be an abnormal bite. The main symptoms are: (1) Pain in the joint. (2) Clicking or snapping. (3) Limitation of movement. These may be present separately or together. Often episodes of clicking, pain or limitation pass off spontaneously. Clicking, particularly, which is regarded as being due to the slipping of the condyle over the posterior edge of the disc is fairly common among people who have never sought advice and some can produce it at will. Pain and limitation may appear only after a lag of several months. Whether those affected more severely eventually have spontaneous relief is less certain. I will quote one case which shows the importance of a long follow-up. A man aged 50, ten years ago had a dental extraction of the third right mandibular molar under subregional anmsthesia. There was no undue trauma, but two days later he could hardly open his mouth, although there was no pain. Manipulation produced immediate relief, but two hours afterwards the condition was as bad as before. No further treatment was given and gradually over a period of two years the condition improved and there have been no symptoms since, after ten years. Whether this is the usual outcome cannot be said, but it is important to know, because if spontaneous recovery is the rule it weighs against the theory that this condition represents an early stage of degenerative arthritis initiated by minor trauma, since in this case one would expect it to have run a progressive course. Further as Hankey (1954) has shown the condition is commonest in young people and not in the osteoarthritic age group. Good X-ray evidence of osteoarthritis is usually lacking although retro-position of the condyle is often seen. Further MacGregor (1955) found that chronic pain was rare in a follow-up of patients after fracture dislocation of the joint-although his was a small series.
Pain.-Pain may not be confined to the joint itself. Costen (1934) and later writers have described various other symptoms which may be associated, these include various neuralgic pains radiating over a wide area even to the neck, tinnitus and deafness. Goodfriend (1947) , in fact, attributes many cases of deafness to disturbance of the T.M. joint. Costen (1934) originally believed that these symptoms were produced by direct pressure of the displaced condyle on the nerves which lie close to thejoint and on the eustachian tube and tympanic plate. This view has been generally rejected, particularly by Sarnat 998 P7oceedings of the Royal Society of Medcne0 (1951) , indeed it would seem that severe degenerative change would have to be present before direct pressure could occur. It seems now to be accepted that these symptoms when they occur are the result of pain referred via the branches of the auriculo-temporal branch of the V nerve which supplies the ioint and thenice to the other branches of the V nerve. Ear symptoms have been attributed to spasm ot the tensor tympani muscle. The wider spread of the pain outside the area supplied by the V nerve is harder to explain, but the fact that the nucleus of the V nerve descends into the cervical cord has been adduced to explain the pain in the neck.
Referred pain may also be caused in another way. Namely, that pain or stimuli from distant structures may be referred via these same nerves to the joint and the muscles operating the joint, thus producing pain and dysfunction of the joint. The importance of referred pain is illustrated by the case of a man aged 74 who had typical trigeminal neuralgia affecting the third division of the V nerve with a trigger point in the lower lip, he also had pain and dysfunction of the temporomandibular joint. A block of the inferior dental nerve was carried out which relieved both his neuralgia and also his temporomandibular symptoms. Relief lasted six months and then symptoms recurred. Extraction of a tooth in the lower jaw then produced relief.
Infected sinuses may also produce this referred pain. It seems then that pain, and with it dysfunction of the T.M. joint, can be part of the syndrome of facial pain, and Stones (1956) has recently reviewed this subject. The aetiological factors are too numerous to be mentioned here, except to say that cervical spondylosis has been mentioned by Campbel and Lloyd (1954) and Wyburn-Mason (1953) as a cause of facial pain, the ramifications of the auricular nerve being the nerve involved and the sympathetic system has been incriminated by Campbell and Lloyd (1954) and Fay (1932) .
It has been said that aching pains in muscles and bones are carried mainly in afferent sympathetic fibres. On the motor side of these reflex mechanisms, it is clear that a study of the actions of the muscles operating the joint is of great importance and electromyography can contribute in this field. The published papers by Prudanskys (1952) , MacDougall and Andrews (1953) , Tulley (1953) and Greenfield and Wyke (1955) deal mainly with the patterns of normal activity, but the work of Moyers (1949) has suggested that sometimes there may be an overaction of the posterior fibres of the temporalis muscles which would have the effect of drawing the condyle posteriorly as is seen in this condition. However, much more work is necessary in this field before a definite conclusion can be drawA4. The few cases that I have investigated have not shown any gross abnormalities.
Treatment.-Apart from the dental aspects of treatment many other methods have been tried with success. This perhaps emphasizes the psychological aspects of this problem, and as Craddock (1944) has said, the more dramatic the response to treatment and the newer the method employed the less are organic factors likely to be present. Various substances have been injected into the joint. Sclerosing substances to correct the laxity of the ligaments, Novocain and hyaluronidase have all been tried with some success, and more recently hydrocortisone. Doub and Henney (1953) have claimed a high proportion of cures in their cases. In a small series I have treated with intra-articular hydrocortisone, about half seem to respond well. The ones that did best seem to be those with clicking joints which had become stiff and painful. Hydrocortisone relieved the pain and stiffness although the clicking usually persisted.
Surgical measures may be undertaken usually when conservative methods have failed. Meniscectomy and condylectomy have been used.
To summarize the factors which have been regarded as important in the causation of this condition:
(1) Trauma, the result of abnormal bite or other cause.
(2) Reflex factor producing pain in the joint and neuromuscular imbalance or spasm.
(3) Psychological factors. Now these factors are also those which are said to be important in the causation of another condition, namely the stiff shoulder, although it would be unwise to draw too close an analogy between the two. Nevertheless, in view of this and also because of the possible importance of the sympathetic system in the causation of facial pain, it seemed worth while to try the effect of stellate ganglion block in temporomandibular dysfunction since this is sometimes effective in the stiff shoulder. The temporomandibular joint receives its sympathetic fibres from this ganglion also. Only one patient has been treated in this way so far. It is worth quoting this case because it shows other aspects of this condition. This patient, a woman of 49 years of age, for a year had a clicking right T.M. joint and had recently been having pain in the joint on chewing; she also had pain and soreness around the ear. For many years she also had pain and stiffness in the neck, although no limitation of neck movement.
There appeared to be psychological factors present, and she was unhappy at her work.
Examination showed facial asymmetry suggesting the possibility of an abnormal bite although 998 50 this has not been assessed. There was clicking and tenderness of the joint. X-ray examination showed retro-position of the condyle on the affected side. Hydrocortisone was first tried and 1 c.c. was injected; this produced soreness for two days, and then relief of symptoms for one week, although clicking continued. Symptoms then recurred. A second and third injection were much less effective. A stellate ganglion block was then performed and immediately after there was relief of symptoms, and she was able to eat an apple painlessly. Relief has so far lasted fourteen days although clicking is still present. This case illustrates some of the complex factors which may be present, and it would be unwise to overemphasize the effect of the stellate ganglion block in a single case.
Since the beginning of the century, very little new has been found out about the function of muscles in the intact human body or the ways of improving it, probably because analogous conditions cannot be reproduced in other animals, which have been the "subjects" in the majority of the studies of muscular activity. One of the few well-established facts is that the performance of muscles can be improved by systematic voluntary exercise, although no agreement has been reached regarding the most effective way in which this can be achieved or the underlying structural and functional changes that occur. No doubt because of this, there is no generally accepted method of muscle training, but the number of routines that have been described, and the range of instruments that have been devised, bear witness to the extent of the determination of the workers in this field. Sooner or later the scientific basis of our methods must be examined, if only to avoid the possible retarding influences of general impressions and theoretical approaches.
In discussing the subject of muscle training, we should define the various expressions of muscular contraction and the part each plays in the functional activity of the locomotor system; indicate the functional and morphological changes that occur in the exercised muscles and in the nervous system; decide the immediate objectives of exercise and review the types of exercise that can be used and the ways in which they can be carried out.
Expressions of muscular activity.-The characteristic property of skeletal muscle when stimulated by nervous impulses is that of contraction with the production of mechanical energy. The tension derived from this mechanical energy will manifest itself in various ways depending on, for example, the external conditions, the local state of the muscle and the activity of the nervous system.
The activity of muscle may be expressed as strength, endurance, speed and co-ordination of movement. Although divided in this way for the purposes of discussion, it is evident that each is related to the other to a varying extent under normal functional conditions.
The strength of a muscle has assumed various meanings but here we shall define it as the maximum applied tension that can be developed, instantaneously on a single occasion, to overcome or attempt to overcome an imposed load or resistance. It will depend on the potential tension of the particular muscle at "the disposal of the nervous system", and
